Chronic inflammation and elastin degradation in abdominal aortic aneurysm disease: an immunohistochemical and electron microscopic study  by Satta, J. et al.
Eur J Vasc Endovasc Surg 15, 313-319 (1998) 
Chronic Inflammation and Elastin Degradation in Abdominal Aortic 
Aneurysm Disease: an Immunohistochemical and Electron Microscopic 
Study 
J. Satta% A. Laurila% P. P~i§kk6 ~, K. Haukipuro, R. Sormunen ~, S. Parkkila 2 and T. Juvonen 
Departments of Surgery, 1Pathology and 2Anatomy, University of Oulu and Oulu University Hospital, and 3National 
Public Health hlsitute, FIN-90220 Oulu, Finland 
Objectives: To investigate (i) elastin degradation and the possible association between proteolysis and inflammation i  
abdominal ortic aneurysm disease (AAA), and (ii) the presence of cytomegalovirus (CMV) infection in the walls of 
AAA. 
Materials: Specimens from 12 infrarenaI AAAs, eight aortas with occlusive disease (AOD) and two normal aortas were 
studied by conventional light microscopy, immunohistochemistry using a monoclonal nti-elastin antibody BA-4 and 
anti-CMV antibody and transmission electron microscopy (TEM). 
Main results: In AAA the decrease in elastin immunoreactivity and the presence ofelastin degradation was associated 
with increased mononuclear inflammatory cell i~ltrates (p =0.004 and p =0.00002, respectively). The CMV immuno- 
stainings of the normal aortic wall and all the AAA and AOD samples were negative, nor could any CMV particles be 
demonstrated by TEM. 
Conclusions: The chronic inflammation and degradation of elastin in AAA suggests a possible immune-mediated 
mechanism. The inflammation may be induced by the chemotactic properties of elastin-derived peptides. 
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Introduction 
Elastin is an important structural component of the 
aortic wall and is responsible for its viscoelastic prop- 
erties. 1Elastin destruction is an essential part of the 
erosive process of the aortic wall leading to aneurysm 
formation. However, the actual site and sequence of 
critical elastin loss in the aortic wall are aspects that 
have not been entirely resolved. 
Proteolytic degradation may be mediated by in- 
flammation 2 and it produces elastin-derived peptides 
(EDP), which have been shown to possess chemotactic 
activity for a number of cell types. 3The density of 
inflammatory cells has been thought o correlate with 
the size of the aneurysm, 4 and after invading the vessel 
wall they are assumed to synthesise many proteinases, 
including several members of an important family 
of matrix metalloproteinases (MMPs) that have the 
capacity to degrade connective tissue components. 5-7
The phenomena related to the inflammation are not 
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clear. It is probable that the attractive property of EDPs 
is not the only reason for the invasion of inflammatory 
cells. The chronic nature of the inflammation might 
suggest a viral infection. It has been suggested recently 
that herpes viruses may play some role in the patho- 
genesis of abdominal aortic aneurysm disease (AAA), 
at least as far as inflammatory aneurysms are con- 
cerned. 8'9 Tanaka et al. showed by DNA polymerase 
chain reaction (PCR) that cytomegalovirus (CMV) was 
present in 65% of their series of atherosclerotic ab- 
dominal aortic aneurysms, although the RNA PCR 
method showed that human herpes viruses were 
actively present only in inflammatory aneurysmsY 
The present work was designed to extract more 
information on the grade and location of the elastin 
degradation, and to investigate the possibility of a 
correlation between this proteolysis and inflammation 
by using both electron microscopy and immuno- 
histochemistry in addition to conventional light micro- 
scopy. To determine whether cells of the immune 
system play any role in aneurysm formation, we ana- 
lysed diseased aortic tissues using inflammatory cell 
type-specific monoclonal antibodies. Immuno- 
histochemical staining for CMV antigen was used to 
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demonstrate possible ongoing CMV infection in the 
aortic samples. 
Patients and Methods 
Material 
The aneurysm walls of 12 consecutive patients, nine 
men and three women (mean age 68 years, range 
59-79 years), who were undergoing elective repair of 
asymptomatic nfrarenal AAA were studied. All the 
aneurysms were non-inflammatory and fusiform, and 
their maximum diameters were measured pre- 
operatively by ultrasonography. Aneurysm specimens 
were compared with those from patients suffering 
from aortoiliac occlusive disease (AOD) (n =8, five 
men, mean age 53 years; range 40-71 years) and two 
control specimens obtained at autopsy within 24 h of 
death (61 and 16 years). The controls had no symp- 
tomatic vascular disease, and this information was 
supported by the absence of significant pathological 
vascular changes at autopsy. 
Fresh longitudinal strips from the anterior wall of 
the full-thickness aorta or aneurysm sac taken in the 
operation room before repair were fixed in 10% buf- 
fered formalin and embedded in paraffin for con- 
ventional light microscopy and immunohisto- 
chemistry. The histological sections were stained with 
haematoxylin and eosin, Verhoeff's elastic and periodic 
acid-Schiff or routine histology. Small tissue samples 
were also fixed in glutaraldehyde-formaldehyde mix- 
ture for transmission electron microscopy (TEM). 
Immunohistochemistry fo  elastin and cytomegalovirus 
antigen 
The formalin-fixed, paraffin-embedded tissue sections 
were stained by the avidin-biotin-peroxidase complex 
(ABC) method of Hsu et al. 1° using the Vectastain ABC 
kit (Vector Laboratories, Burlingame, CA, U.S.A.). The 
monoclonal anti-elastin BA-4 antibody, used at a di- 
lution of 1:100,11 a generous gift from Prof R.B. Mecham 
(St. Louis, MO, U.S.A.), had been raised against an 
elastin-derived chemotactic peptide and characterised 
previously using solid-phase ELISA, Western blot, im- 
munoprecipitation and immunoaffinity chromato- 
graphy} m2 A mouse monoclonal CMV antibody (Dako, 
Copenhagen, Denmark) was used at a dilution of 1:25 
to stain CMV-infected cells in formalin-fixed, paraffin- 
embedded material. Diaminobenzidine was used as a 
chromogen and the sections were lightly coun- 
terstained with haematoxylin. Sections of a trans- 
bronchial biopsy obtained from a patient with a lung 
transplant, having CMV pneumonia nd showing sev- 
eral infected cells when examined by immuno- 
histochemistry for CMV antigen, was used as a positive 
control. 
Immunophenotypic analysis of inflammatory cells 
All four antibodies (UCHL1, L26, PG-M1 and KP1) 
used for immunophenotypic analysis of inflammatory 
cells in the aorta samples were monoclonal mouse 
antibodies obtained from DAKO (Glostrup, Denmark). 
UCHL1 (anti-CD45) labels resting T cells within both 
the CD4 and CD8 subsets and mature activated T cells. 
L26 (anti-CD20) is directed against an antigen present 
on the majority of B cells. Both PG-M1 and KP1 stain 
macrophages, and gave essentially identical results in 
our stainings. All these antibodies were used at a 
dilution of 150. The ABC staining method was used, 
with diaminobenzidine as a chromogen. Finally, the 
sections were lightly counterstained with haema- 
toxylin. 
Neutrophils were recognised on the basis of pos- 
itivity in periodic acid-Schiff (PAS) staining. 
Quantification of elastin degradation and 
immunophenotypic analysis of inflammatory cells 
Elastin degradation, identified on the basis of con- 
ventional Verhoeff's elastin staining, was assessed on 
a semiquantitative scale by two independent path- 
ologists as follows: -=no elastin loss, + =slight 
elastin degradation, + + = moderate elastin de- 
gradation, + + + = severe lastin degradation. Elastin 
immunoreactivity, revealed by immunohistochemical 
staining with BA-4, was similarily assessed on a semi- 
quantitative scale as follows: + ÷ + normal elastin 
content, + + = moderate elastin content, + = mild 
elastin content. 
The absolute numbers of T and B lymphocytes, 
macrophages and neutrophils were evaluated from 
five consecutive high power fields (HPFs) (40x ob- 
jective, diameter of the field: 400 #m). The counting 
was started from the right upper corner of a tissue 
section and five consecutive HPFs were counted. An 
ocular micrometer dividing the microscopic field into 
quarters was used. In each HPF the number of in- 
flammatory cell types was counted in the right upper 
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quarter and multiplied by four. In cases with less than 
100 inflammatory cells per HPF the whole HPF was 
counted. Finally, the average number of each in- 
flammatory cell type per HPF is given. 
Transmission electron microscopy (TEM) 
TEM was used to obtain more detailed information 
on ultrastructural changes in the specimens. Pieces of 
tissue from the aneurysm walls and control specimens 
were fixed with a 1% glutaraldehyde and 4% form- 
aldehyde mixture in 0.1 M phosphate buffer, pH 7.4 
postfixed in 1% OsO4 in a 0.1 M phosphate buffer for 
i h, dehydrated in acetone, and embedded in Epon 
LX 112. Six representative AAA specimens and five of 
AOD were selected for ultrastructural study. Thin 
sections were cut with a Reichert Ultracut E ultra- 
microtome, stained with 0.01% aqueous tannic acid 
(Mallinckrodt, St. Louis, MO, U.S.A.) for 5 rain fol- 
lowed by uranyl acetate and lead citrate, examined 
using a Philips 410 LS transmission electron micro- 
scope. 
Statistical analysis 
The significances of associations were determined by 
using Fisher's exact probability test and the com- 
parison of different cell types between AAA and AOD 
groups was managed by Student's t-test, p values less 
than 0.5 were considered significant. 
Results 
A summary of the results is provided in Table 1. The 
histological sections through the walls of the AAAs 
showed scarce, disrupted elastic fibres and variable 
inflammation. The inflammatory infiltrate was mainly 
mononuclear and commonly located at the junction 
of the media and adventitia. Immunophenotypic ana- 
lysis of the inflammatory cells demonstrated the pres- 
ence of T cells, B cells and macrophages in variable 
numbers and only occasional neutrophils (Table 2). 
Anti-elastin staining showed near total oss of elastin 
in three out of the 12 AAAs (Fig. lb) and moderate 
loss in a further six specimens (Table 1). This feature 
was unrelated to the size of the aneurysm but was 
clearly associated with the quantity of inflammatory 
cells present. No clear difference in the grade of elastic 
loss was seen between the media and adventitia. The 
amount of elastin and its architecture was mainly 
normal in the AODs, and inflammation was mostly 
very slight or absent (Fig. lc). In the control specimens 
elastin was evenly distributed and no appreciable 
inflammation was seen (Fig. la). 
Both media and adventitia from selected cases were 
examined by TEM. The specimens were mapped for 
the cutting of thin sections referenced to their histo- 
logical appearance. In all the AAA cases the overall 
structure of the tissue was oedematous and the elastin 
was severely disrupted, showing broken, thinned 
fibres with vacuolation (Fig. 2a). Tannic acid staining 
of irregular masses of amorphous-fibrillar material 
indicated that these structures were elastin residues. 
The changes were similar in both the media and 
adventitia. In the AO cases the elastin fibres showed 
branching and varied in thickness. Otherwise the struc- 
ture of the fibres seemed to be intact (Fig. 2b). The 
control specimens contained thick, regularly arranged 
elastin fibres (Fig. 2c). 
The CMV immunostainings of the normal aortic 
wall and all the AAA and AOD samples remained 
negative, nor could any CMV particles be dem- 
onstrated in the aortic specimens by TEM. 
Finally, a statistical analysis was performed to test 
for association between elastin degradation as dem- 
onstrated by conventional elastin staining, elasin im- 
munorectivity as revealed by immunohistochemical 
staining for elastin-derived peptide with BA-4 anti- 
body, and the degree of inflammation. Increased elastin 
degradation, confirmed by TEM in selected cases, was 
significantly associated with decreased elastin im- 
munoreactivity (p = 0.005) and increased inflammatory 
infiltrates (p = 0.0002). Finally, decreased elastin im- 
munoreactivity was significantly associated with in- 
flammatory infiltrates (p = 0.004). 
Discussion 
The predominant pathological feature of AAA disease 
is destruction of the media. It has already been es- 
tablished that inflammation mediates connective tissue 
proteoplysis, as has been characterised best in the case 
of pulmonary inflammation associated with em- 
physema, 13but the potential role of inflammation in 
mediating or augmenting elastolysis in AAA is con- 
troversial. Brophy et al. 2 did not find any association 
between inflammatory infiltrate and elastin loss in 
AAA disease, whereas Cohen et al. 14 suggested that 
elastase derived from polymorphonuclear cells may 
play a role in elastin degradation. In the present series 
the grade of in~munohistochemically ndhistologically 
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Table 1. Summary of clinical and histological characteristics and staining with a monoclonal antibody to the elastin-derived chemotactic 
peptide (BA-4) in 12 cases of abdominal aortic aneurysm (AAA), eight cases of aortoiliac occlusive disease (AOD) and two controls. 
Male/ Age Diagnosis Diameter Inflammation BA-4 Elastin degradation 
female (years) (cm) * t adventitia/medial: 
Female 43 AOD - - + + + - / -  
Female 60 AOD - - + + - / -  
Female 71 AOD - - + + + - / -  
Male 40 AOD - + + + + - / -  
Male 48 AOD - + + + + + - / -  
Male 50 AOD - - + + - / -  
Male 53 AOD - - + + + - / -  
Cale 56 AOD - - + + + - / -  
Female 63 AAA 5.0 + + + + + + + / + ÷ + 
Female 70 AAA 5.0 + + + + - /+  
Female 79 AAA 6.0 + + + + + + / + + 
Male 59 AAA 6.0 + + + + + + + / + + 
Male 60 AAA 5.0 + + + + + + + / + + + 
Male 63 AAA 5.0 + + + + - /+  
Male 65 AAA 5.0 + + + + + + + / + + + 
Male 65 AAA 6.0 + ÷ + + + / + + 
Male 67 AAA 5.5 + + + + + + / + + 
Male 71 AAA 4.8 + + + - /+  
Male 75 AAA 6.0 + + + + + + / + + 
Male 75 AAA 7.0 + + + + + + / + + 
Male 16 Control - - ÷ + + - / -  
Male 61 Control - - + + + - / -  
* -  no inflammation; + mild; + + moderate; + + + abundant inflammatory cell infiltrate. For further immunophenotyping of the 
inflammatory cells, see Table 2. 
+ + + + normal elastin content; + + moderate Iastin content; + mild elastin content. 
:~- no elastin loss; 4 -+ ÷ ÷ slight to severe elastin degradation. 
Increased elastin degradation ( + + and + ÷ ÷ cases) was significantly more often found in cases with decreased elastin immunoreactivity 
as demonstrated by BA-4 stainings (+ and ÷ + + cases) (p=0.005) and in cases with increased inflammatory infiltrates (+ + AND 
+ + ÷ CASES) (P=0.00002). 
Decreased elastin immunoreactivity ( + and ÷ ÷ cases) was significantly more often found in cases with increased inflammatory infiltrates 
(+ + and + + + cases) (p=0.004). 
Table 2. Immunophenotypic analysis of the inflammatory ceils in AAA (n =8) patients. The regimes of the patients in Table 2 are as 
in Table 1. 
Case PMNs Macrophages B cells T cells 
AOD 0 30 0 10 
AOD <5 30 <5 <5 
AOD 0 10 0 0 
AOD 0 50 0 30 
AOD 0 20 30 40 
AOD 0 30 <5 <5 
AOD 0 20 <5 <5 
AOD 0 15 0 <5 
AAA 0 300 500 300 
AAA <5 20 <5 20 
AAA 0 80 300 480 
AAA 0 40 200 150 
AAA 0 200 180 520 
AAA <5 10 10 10 
AAA <5 200 600 300 
AAA 10 10 500 100 
AAA 0 60 40 40 
AAA 0 40 <5 10 
AAA 0 20 200 130 
AAA <5 40 40 30 
PMNs = neutrophils. The average number of macrophages (p = 0.04), B cells (p = 0.006) and T cells (p = 0.009) but not PMNs is significantly 
higher in AAA compared to AOD. 
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Fig. la. Anti-elastin immunostaining of the normal aorta. Elastin is 
evenly distributed through the vessel wall. The lumen of the vessel 
is on the right ( x 100). 
Fig. lb. The amount of elastin immunoreactivity is globally reduced 
in this AAA specimen, with no clear difference in the grade of 
elastin loss detectable between the media and adventitia. Infiltration 
by mononuclear inflammatory cells can be seen at the junction of 
tile media and adventitia ( x 100). 
Fig. lc. The amount of elastin immunoreactivity in this AODspecimens is normal but the distribution is somewhat uneven. Inflammation 
is minimal ( x 100). 
verified elastin loss did seem to be connected with the 
quantity of mononuclear inflammatory cells present, 
i.e. macrophages and especially T and B lymphocytes. 
T and B lymphocytes were also over-represented rel- 
ative to the AOD specimens as found by Koch et al. ~5 
However, Freestone et al. 5 could detect only over- 
representation f B lymphocytes. Although it has been 
shown previously that mononuclear cells may be as- 
sociated with the early phases of experimental and 
spontaneous atherogenesis, 16 the clear difference in 
accumulation of these cells found between the AAA 
and AOD specimens suggests that aneurysmal disease 
may progress from occlusive disease by an immune- 
mediated event. 
The recruitment of inflammatory cells may be ex- 
plained by elastin-derived peptide induced chemo- 
taxis, which leads to a vicious circle of further 
proteolysis caused by subsequent release of additional 
proteolytic enzymes by mononuclear cells. The elastin 
sequence used for preparation of the antielastin anti- 
body (BA-4) is known to have chemotactic properties 
after elastin fragmentationY 2 The BA-4 antibody used 
here exhibits specificity for a hydrophobic region of 
elastin that includes a cell recognition site. 12 It consists 
of the non-polar amino acids valine, glycine, alanine 
and proline, a composition identical to that of the 
hexapeptide VGVAPG, which has been shown to have 
chemotactic activity for fibroblasts and monocytes. 3 
The structural and proteolytic stability of the BA-4 
epitope reinforces its associations with the expression 
of immunological, chemotactic and other biological 
activities} 2 The BA-4 antibody provides a new method 
to investigate the connection between elastin de- 
struction and inflammatory infiltrates and thereby the 
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Fig. 2a. Transmission electron micrograph of n AAA case showing 
a severely disrupted elastin fibre (E). Th  fibre structure consists of 
microfibrils (arrow) and vacuoles (arrowhead), ndthe amorphous 
elastin component seems to bemissing. The same changes were 
seen in both the media nd the adventitia ( x 24000). 
Fig. 2b. Transmission electrron micrograph of n AOD case showing 
an intact elastin fibre (E) of variable thickness ( x 21000). 
Fig. 2c. Transmission electron micrograph of a control case showing a straight elastin fibre (E) with amorphous component and microfibrils 
attached to it ( x 21000). 
possible role of chemotaxis in the pathogenesis of 
AAA disease. 
Although White et al. 17 concluded that the pr imary 
loss of elastin occurs in the adventitia, we found an 
equal decrease in elastin content in the adventitia nd 
media, unrelated to the size of the aneurysm. This 
may suggest that elastolysis is an initial, com- 
prehensive vent first manifested in the media but 
subsequently in the adventitia. 
Human herpes viruses have previously been linked 
with atherosclerotic alterations by some investiga- 
tors, ls'19 and it has recently been reported that these 
viruses may also play a role in other aortic diseases. 
In particular, eplicating CMV infections are connected 
with the formation of inf lammatory aneurysms and 
are also thought o be present in some atherosclerotic 
aneurysms, '9 The connection of CMV infection with 
the pathogenesis of AAA may be explained by the 
fact that the release of cellular plasminogen activator 
could be promoted by CMV infection. 2° This plasmino- 
gen activator stimulates the production of plasmin, 
which in turn is known to have protease activating 
properties. Tanaka et al. showed, by means of PCR, 
that CMVs were present in 65% of their series of 
atherosclerotic AAAs, but the RNA PCR recognised 
cytomegaloviral transcription only in inf lammatory 
aneurysms. 8 Similarly, we could not demonstrate any 
evidence of ongoing CMV infection by immuno-  
histochemical staining nor virus particles by TEM. 
Previous findings that CMV nucleic sequences are 
very common in arteriosclerotic arterial walls have 
suggested that a periodically activated latent infection 
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• 71 is present in patients with atherosclerosls.- Therefore, 
if the viral genome is found in aortic cells but not the 
infectious virus, the aorta itself may be the site of 
CMV latency. On the other hand, the CMV genome 
can also be found in normal vascular tissue. 22 Thus, it 
seems that CMV has no specific role in AAA but may 
have some role in arteriosclerosis in general• 
In conclusion, chronic inflammation and de- 
gradation of elastin in AAA disease seems to be closely 
connected. Phenotypic analysis of the inflammatory 
cells, demonstrating a high number of T and B lym- 
phocytes, uggests a possible immune-mediated mech- 
anism. This inflammation may be induced by the 
chemotactic properties of elastin-derived peptides. 
Since AAA represents an advanced or end-stage of 
the disease, however, it still remains unclear whether 
these inflammatory cells are involved in the initiation 
or progression of aneurysmal degeneration. 
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